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In Juneof 2016, the USGeologicalSurveyusedwaterborne-resistivityprofiling to map the shallow(< 10m)
subsurfacedistribution of electrical properties as a proxy for streambed hydraulic conductivity. Two-
dimensionalverticalprofilesof resistivitywere usedto identify differencesin geoelectricalstructure of the
streambedfor reachesof the Tallahatchie(60 km), Quiver(50 km), and Sunflower(70 km) Riversin central
Mississippi. Inversemodelingwas usedto developtwo-dimensional(2-D) vertical profiles of resistivity for
each stream. Modeled streambedresistivitiesof the TallahatchieRiverwere 51 ohm-m higher than the
Quiver Riverand 38 ohm-m higher than the SunflowerRiver. Differencesin streambedlithology can be
interpreted from the variationand distribution of resistivityvalues. Alongthe Sunflower,resistivityis highly
variable,with a standarddeviationof 64.6 ohm-m. Thisisabout49%greaterthan the variabilityin resistivity
of the Tallahatchie,with a standarddeviationof 33 ohm-m, and 25%greaterthan the Quiverat 49 ohm-m.
In regional groundwater-flow models, the hydraulic conductivity of streambed materials is typically an
estimated parameter becauseof difficulty in obtaining a data-supported value in real-world conditions.
Modeledresistivitiesfrom this work will be usedto scalestreambedhydraulicconductivitywithin a regional
groundwater-flow model used to assesswater-managementscenarios. Future studies will continue the
applicationof geophysicalmethodsto improvethis model.

�‡ Hydraulicconductivityof streambedmaterialsis typicallyan
estimatedparameterin regionalgroundwater-flow models.
The electrical resistivity of earth materials in fresh water
aquiferscommonlyhasa positivecorrelationwith hydraulic
conductivity.

�‡ In unconsolidatedalluvialsettingscoarser-graineddeposits
such as gravel and sand typically have higher resistivities
comparedto silts and clayswhich have lower resistivities
(Ballandothers,2006; Shahandothers,2007).

�‡ Startingin Juneof 2016, the MississippiAlluvialPlain(MAP)
Regional Water Availability Project used waterborne-
resistivityprofiling to map the shallow(<10m) sub-surface
distribution of electrical properties as a proxy for
streambedhydraulicconductivity.

�‡ The objective of this analysis is to determine the
relationship between results of the waterborne-resistivity
survey to general lithologic changes in mapped
geomorphologicalunits.

The MississippiAlluvial Plain extendsacrossportions of five states
andcomprisesanareaof 141,895km2 (Fig. 1).
�‡ Within the MAP,the Deltaregionof northwesternMississippiis an

area where land use is dominated by agriculture,primarily row
crop production. The region represents one of the most
productiveagriculturalareasin the nation, producingmore than
$7 billion in agriculturalproductsin 2012.

�‡ Thisagricultureis possiblethrough significantirrigation, primarily
from groundwaterdrawnfrom unconsolidatedalluvialaquifers.

�‡ Thesesediments,60-80 meters-thick, representa
long and complexhistory of sedimentationfrom
the nearby Mississippi River, that have been
altered by down cutting and sedimentationfrom
localstreams.

�‡ Mapped geomorphologicalunits within the study area include
Holocene and Pleistocene-aged sediments deposited by the
MississippiRiver and other smaller streams (Table1) (Saucier,
1994).

�‡ Waterborne-resistivityprofilingwasdoneusinga 10-channelIris InstrumentsSyscalProresistivitymeter. A 60meter longfloatingreciprocalSchlumbergerarraywith a 5-
meter electrodespacingwasusedto conductthe survey(Figs2 & 7).

�‡ Geospatialpositioningandwater depthwerecollectedusinga GarminGPSmap188Sounder.
�‡ Streamtemperature,conductivity,andspecificconductivityweremeasuredusinganYSIProfessionalPluswater qualitymeter.
�‡ Dataprocessingand visualizationwasdone using�'���}�•�}�(�š�[�•OasisMontaj geophysicalsoftware. Theraw and processeddata are availablein Miller and

others(2016).
�‡ ApparentresistivitydataweremodeledusingIX1Dversion3.52developedby InterpexLimited(2016)

�‡ �K�������u�[�•inversion(Constableet al., 1987) wasusedto createa smoothmodelfor eachsounding
�‡ Thewater column was representedin the model as layer 1. Layers2-4 (~4m) were analyzedto evaluatethe near-surfacegeoelectricalpropertiesof

sedimentsnearthe streambedcontrollingsurfacewater andgroundwaterexchange.

Abstract

Geomorphic Unit
Min Res  
(Ohm-m)

Max Res  
(Ohm-m)

Mean Res  
(Ohm-m)

Stan. 
Dev

# 
soundings

% of total

Hp : Point Bar 2.37 499.72 57.45 45.52 20110 55
Hcom : Abandoned Course6.786 467.03 69.13 27.82 6939 19

Hb : Backswamp 1.847 491.64 38.97 42.13 8314 23
Hchm: Abandoned Channel 3.583 487.18 49.96 54.43 1433 4

River name
Min Res  
(Ohm-m)

Max Res  
(Ohm-m)

Mean Res  
(Ohm-m)

Stan. 
Dev

# 
soundings

Thickness -
avg (m)

Thickness -
max  (m)

Thickness 
-min  (m)

Thickness
- st dev 

Quiver 1.85 491.64 34.06 37.37 9930 1.88 3.2 1 0.32
Tallahatchie 7.225 498.1 73.58 26.77 13177 3.05 6.2 1.3 0.51
Sunflower 2.37 499.72 53.36 52.06 13957 1.66 3.9 0.6 0.29
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Figure 1: Overview map of Mississippi Alluvial Plain, map citation 1.

Figure 2: Waterborne -resistivity survey in-progress on 
Quiver River, Photo by author

Photo by Shane Stocks

Figure 7: Side view of waterborne-resistivity survey on Quiver River, note boat on far right of photo.  Photo by author

Table 1: Geomorphic units within the study area, modified from Saucier 1994

Overall, resistivityvaluesfrom waterbornesurveysfor the Sunflower,Quiver,andTallahatchieRiversshowmajor
differencesthat correlateto largescalelithologicchangesin eachgeomorphologyunit (Figs. 3-5, Table2 & 3).

�‡ SunflowerRiver(Figure4) : Resistivitieswerehighlyvariedlongitudinallyalongthe mainchannel.
�‡ TheSunflowermeandersthrough a mix of backswamp,point bar, and abandonedchannel

deposits,eachwith their own geophysicalsignatures(Table2).
�‡ Asthe river meanderedinto the abandonedchanneldepositsthe resistivityvaluesdecreased

substantially,indicativeof an increasein claycontent foundwithin the abandonedchannels.
�‡ Asthe river meandersout of the abandonedchanneldeposits,into the increasinglysandier

point bardeposits,the resistivityincreasesfrom valuesaround13ohm-m up to 55ohm-m.
�‡ Subsurfacelithologydatacollectedfrom the installationof three wellswere usedto evaluate

the waterborne-resistivitysurveyswith the geomorphology. Alongthe westernbankof the
SunflowerRiverarethree wellswith documentedboreholelithology(Figs. 4 & 6).

�‡ Well 1 has approximately13.5 m of clay which correlates with the low
resistivityfeaturein the resistivityprofile.

�‡ Well 3 has a more sand-dominated lithology, with four meters of silt
followedby eightmetersof sandendingin clay. Resistivitydatanearthis well
show moderate resistivity values in the upper four meters of the profile
correspondingto the silts and increasedresistivity below representingthe
increasedsandcontentwith depth.

�‡ QuiverRiver(Figure3): Generallylower resistivitiesand lessvariation, indicativeof clay-rich streambedand
lesssurfacewater-groundwaterexchange.

�‡ TheQuiverflows through backswampdepositswhich filled the Yazoobasinin the center of
the studyarea.

�‡ Theaverageresistivitiesfor the northern portion of the QuiverRiversurveyare 30 ohm-m
less than the resistivitiesin the southern portion of the river. This is likely the result of
thinningbackswampdepositsalongthe southernedgeof the basin.

�‡ TallahatchieRiver(Figure3): Higherresistivityvalues,comparedto other streams,indicatean increasein sand
contentandmorepotential for surfacewater-groundwaterexchangeandrecharge.

�‡ TheTallahatchieflows almostexclusivelyover abandonedchannels(Hcom) ascharacterized
by Saucier(1994).

�‡ Resistivitiesalong the Tallahatchiewere typically higher than other surveyed streams
resultingfrom the increasedsandcontentof geomorphicunit Hcom(Table3).

Results & Discussion

Table 3: Resistivity values for surveyed riversTable 2: Resistivity values for geomorphic units

Figure 3:  Qualitative estimate of streambed hydraulic conductivity from waterborne 
resistivity values for surveyed rivers overlain on geomorphology, map citation 2. 

Figure 4: Detail of resistivity values for Sunflower River with well locations, map 
citation 3.

Waterborne-resistivity profiling
isa relativelyquick,non-invasive
method to map shallow,
subsurface geoelectrical
properties of rivers in the
Mississippi River Alluvial
Plain. Theresistivitydata in this
study area has a good
correlation with mapped
geomorphologicalfeatures and
can be used to determine,
qualitatively, streambed
hydraulic conductivity. For
example point bar and
abandoned course deposits
have relatively higher resistivity
values due to the increase in
sand content. Whereas
backswampandabandoned
channeldepositswhich contain substantiallymore clayhavelower resistivityvalues. Lithologicdata from
nearby boreholes confirmed the relation between resistivity and lithology at depth. The mapped
geomorphologicalunits andresistivitydatacanbe usedcollectivelyto designa targeteddrilling programto
developa quantitativeestimateof streambedhydraulicconductivityfrom the resistivitydata.

Conclusion

Figure 6: Perspective view from west of 3D modeled resistivity for 
Sunflower River with borehole lithology for wells 1-3.
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Map Citations

�‡ Variations in the extent, thickness, and lithology of these geomorphological units impact 
surface water-groundwater exchange in the study area, which can have implications for 
recharge into the alluvial aquifer.  

Methods
For this survey a reciprocal Schlumbergerarray was used, which positions the transmitting pair of
electrodestoward the centerof the arrayandthe receivingpairsradiatingawayfrom the transmitter.

Theresistivityof the water in the river wasmeasuredat the beginningof eachprofile and at the end of
the last profile each day using a field conductivity meter. Data collected within each river included:
latitude, longitude (GPSsystem), injected current, voltage, resistance,apparent resistivity, electrode
location (referencedto the position of the GPS),water depth (echosounder),water temperature,water
conductivity,andcalculatedwater resistivity.

Figure 5: Perspective view from 
southwest of 3D modeled 
resistivity of all three rivers.   
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1: Basemap of United States and
Gulf of Mexico from ESRIOnline
Data. MAP aquifer boundary and
stream shapefile from U.S.G.S..
DatumisWGS1984
2: Geomorphology units modified
from Saucier,1994. Resistivitydata
from USGS. Datumis UTMZone15N
NAD1983.
3: Geomorphology units modified
from Saucier,1994. Resistivitydata
and well locations from USGS.
DatumisUTMZone15N NAD1983.
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Age- Geomorphic Unit 
(Map symbol)

General Description Sedimentary Structures Grain size
Resistivity 
Properties

Holocene- Backswamp (Hb)

�{���&�]�Œ�u���š�}���•�š�]�(�(�����o���Ç�•�U�������µ�v�����v�š���}�Œ�P���v�]�����u���š�š���Œ�{���d�Z�]�v���•�]�o�š���o���u�]�v���š�]�}�v�•�����v�����(�Œ���‹�µ���v�š�����µ�Œ�Œ�}�Á�•�{���s���Œ�Ç��fine-grained clay
Low 

resistivity

Holocene- Abandoned channels 
(Hchm)

�{�����}�u�‰�}�•�������}�(���š�Á�}���µ�v�]�š�•�U���(�]�Œ�•�š���µ�v�]�š���]�•�������•���v�����Á�����P�����Á�Z�]���Z���(�}�Œ�u�•���]�v���š�Z�������Œ�u�•��
of the cutoff.  
�{���^�����}�v�����µ�v�]�š���]�•���������o���Ç���‰�o�µ�P�������•���Œ�]�����������•�����•�o�]�P�Z�š�o�Ç���}�Œ�P���v�]�����•�]�o�š�Ç�����o���Ç�X������

�{���^���v�����Á�����P���•�����Œ�������Œ�}�•�•-bedded
�{�����o���Ç���‰�o�µ�P�•�����Æ�Z�]���]�š�����������]�v�P

�{���&�]�v�����š�}��medium-grained 
sand.
�{��Fine-grained clay.

Low to 
medium 
resistivity

Holocene -Point bars from Mississippi 
River & small streams (Hpm 2-5, Hps)

�{���Z���v�P���•���(�Œ�}�u���•�š�]�o�Ç���}�Œ���•���v���Ç�����o���Ç���š�}���•�]�o�š�Ç���•���v���X��
�{�������v�����š�Z���]�•���������}���Œ�•���v�]�v�P�����}�Á�v�Á���Œ�����•���‹�µ���v�������}�(���•���v���Ç���•�����]�u���v�š�•�X����

�{���,�]�P�Z�o�Ç�����Œ�}�•�•-bedded with fine ripples in upper 
portion
�{�����}���Œ�•���Œ���š���Æ�š�µ�Œ�������š�Œ�}�µ�P�Z���•�š�Œ���š�]�(�]�����š�]�}�v�������o�}�Á�X����

�{���&�]�v�����]�v���µ�‰�‰���Œ���‰�}�Œ�š�]�}�v�U��
coarser in lower portion.  

Mediumto 
high 

resistivity

Holocene - Abandoned course of 
Mississippi River & trunk channel of 

major delta complexes (Hcom)

�{���d�}�‰���•�š�Œ���š���������v���������À���Œ�Ç���•�}�(�š���š�}���•�}�(�š���}�Œ�P���v�]�������o���Ç�•�����v�����•�]�o�š�•�����š�Œ���v�•�]�š�]�}�v�]�v�P���š�}��
sandy loams and silty sands.
�{���^�µ���•�š�Œ���š�µ�u���]�•��well-sorted sands with thin horizontal clay layer.  

�{���/�v���•�µ���•�š�Œ���š�µ�u�U���o���Œ�P�����•�����o�����u�]�P�Œ���š�]�v�P���•���v����
waves
�{���Z�]�‰���µ�‰�����o���•�š�•���‰�Œ���•���v�š���š�Z�Œ�}�µ�P�Z�}�µ�š

�{���s���Œ�Ç���(�]�v�����]�v���µ�‰�‰���Œ���‰�}�Œ�š�]�}�v�X
�{���&�]�v�����š�}��medium-grains in 
substrate.

High 
resistivity

*Any use of trade, firm, or product names is for descriptive purposes 
only and does not imply endorsement by the U.S. Government.

Abbreviations within Table 2 & 3 include:
Min. = Minimum       Max. = Maximum       Stan. Dev. = Standard Deviation       Avg. = Average


